ABSTRACT: The Gulf of Nicoya is a tectonic estuary on the Pacific coast of Costa Rica (10~176 extending about 100 km from the Tempisque river to the 500 m isobath. A dry season (December-
INTRODUCTION
Ecological data on tropical estuaries are scarce and fragmentary. This information is essential for the conservation and management of shallow tropical marine ecosystems (Hatcher et aL, 1989) . One exception, however, is the literature available on the Gulf of Nicoya, an estuary located at 10~176 on the Pacific coast of Costa Rica Central America (Fig. 1) . The Gulf is the main fishing ground (finfish, penaeid shrimp, shellfish) of the country. In addition, coastal zone development (ports, housing complexes, tourism} has increased drastically over the past ten years. The conflicting nature of these exploits, together with the lack of ecological information to aid in policy making, prompted the University of Costa Pica to create, in 1979, the Centre for Research in Marine Science and Limnology /CIMAR). A research programme to conduct a long-term multidisciplinary evaluation of the Gulf was also established in the same year, and foreign scientists were invited to work jointly with local experts to achieve the goals of the evaluation. More than and continues to play, a key role in the development of the data base. On the occasion of the Centenary of the Biotogische Anstalt Helgoland, the title of the Symposium "The Challenge to Marine Biology m a Changing World" bears special significance for the tropical marine biologist, as mankind is making serious efforts to preserve and manage tropical marine biodiversity. These efforts require increased cooperation between scientists from temperate and tropical institutions. The nature of this cooperation wilI take shape faster if past research efforts are known and research priorities identified. Thus. the objective of this paper is to present an overview of the results of research conducted in the Gulf of Nicoya over the past decade.
RESEARCH OVER THE PAST DECADE
During the first years of the research programme supporting the ecological evaluation of the Gulf of Nicoya, a key role was played by a joint effort between CIMAR and the University of Delaware's College of Marine Studies (CMS). This effort included the transfer to CIMAR of a CMS research vessel, the training of the local crew and technical personnel, and the exchange of faculty and students. The joint project was concluded in I982; however, cooperation between individual scientists continues, to date (Tables 1  and 2 ). An important factor leading to the success of the venture was the participation of scientists and students from both institutions in all stages of project development, from Dean et al. (1986 ) 1, 3, 3, 5 Fuller et al. (1990 1, 6 Fish diversity and distribution, Bartels et al. (1983 Bartels et al. ( , 1984 1, 2 mass mortality, artificial reefs, Campos et al. (1984) 1 ichthyoplankton Thorne et al. (1989 ) 1, 7 Szelistowski & Garita (1989 1, 10, 8 Campos & Gamboa (1989) 1 Ramirez et al. (1989 Ramirez et al. ( , 1990 1 Crab larvae, lunar rhythms, dispersal, Epifanio & Dittel (1982) 1, 2 hermit and blue crabs, seasonality DeVries et al. (1983a, b) 1. 2 1. 2 Epifanio & Dittel (1982 . 1984} 1, 2 Dittel et al. (1985 1, 2 Borjesson & Szelistowski (1989) 1 Wehrtmann (1990) 1, 9 Wehrtmann & Dittel (1990) 1, 9
Mangroves, marine fungi, red tides Soto (1988) 1 Perry (1988) 1, 10 Gocke et al. (1990) 1, 11 Ulken et al. (1990) I 1 Vargas (1987 Vargas ( , 1988a Vargas ( , b, 1989a writing the proposal to publication of the results. This approach has also worked in cooperative efforts with more than a dozen research centres (Tables 1 and 2t . As a result of these studies, the Gulf of Nicoya is considered unique in the sense that it is fertilized by a type of permanent upwelling, driven by the positive nature of the estuary and facilitated by the narrow shelf separating the mouth from the deep nutrient-rich waters of the Pacific (Fig.l) . Large annual salinity variations take place in the Gulf, which are in direct response to the occurrence of a rainy season (May through November) and a dry season (December through April). During the rainy season the estuary has marked vertical and horizontal gradients, that are disrupted by winds and tidal mixing {mean tidal range = 2.3 ml during the dry season : Voorhis et a] . 1983 ). This marked seasonality of environmental factors is also reflected by some components of the biota, and an important number of papers published to date emphasize this aspect (Tables 1 and 2 ). More than 200 species of fish and nearly 400 species of benthic invertebrates have been identified, the ecology of most of them being relatively unknown. Joint research has also contributed to the study of mangroves (the most important coastal vegetation in the Gulf), and pre].iminary efforts have been made to study red tides and marine fungi (Table 1) . Trace metal concentrations in sediment and invertebrates were evaluated recently and concentrations appear characteristic of nonindustrialized estuaries, except at the mouth of the Tarcoles river, where chromium is important (Dean et al., 1986; Fuller et al., 1990) . The study of benthic communities is an important component of the ecological evaluation programme of the Gulf of Nicoya, and work with foreign scientists has also played a leading role (Table 2) . Benthic research has focused primarily on the description of structural aspects of communities (variation in space and time of the numbers of individuals and species). Future cooperative research will probably find an unexplored field in the study of community function (energy flow). Some findings from previous research cited in Table 2 are: a total of 56 000 individuals belonging to 98 species was collected in trawl samples from 17 stations. Decapod crustaceans were the dominant taxon, with 54 species . Grab samples, taken at 42 stations, yielded 4684 individuals and 205 species of macrofauna, of which polychaete worms were represented by 120 species, followed by crustaceans (46 spp.), and molluscs (22 spp.). Maximum density was 8744 individuals per square metre, and maximum diversity (H') was 3.09, which was not as high as expected for a tropical estuary . Similar results were obtained by core sampling at an intertidal mud flat. Statistical methods, however, revealed a seasonal pattern of this mud flat community, with several species showing marked seasonal peaks of abundance (Vargas, 1987 (Vargas, , 1988 (Vargas, , 1989a . A survey of the meiofauna conducted at this mud flat indicated that four groups, Nematoda, Foraminifera, Copepoda, and Ostracoda, accounted for 96 % of the number of individuals. A density in excess of two million individuals per square metre ranks among the highest reported for tropical intertidal environments (De la Cruz & Vargas, 1987; Vargas, 1988) . Recent efforts have focused on taxonomic studies, particularly on groups such as cumaceans, copepods, brachiopods, and sipunculans (Table 2) . A survey of the literature on tropical benthic research indicates that reports based on data collected over a year or more are scarce (Alongi, 1989 (Alongi, , 1990 . Thus, little work exists relating seasonal environmental factors to fluctuations in abundance and diversity. Of great help in understanding the role of abiotic and biotic factors (predation, competition, reproductive strategies) is the comparative study of tropical and temperate communities. The number of papers addressing this topic is also relatively small, notable exceptions being those of Epifanio & Dittel (1982) , Warwick & Ruswahyuni (I987), and Reise (1991) .
Benthic scientists in temperate regions have accumulated many years of experience in the study of the role of the environmental and biological factors influencing the structure and function of soft-bottom communities (Reise, 1985) . However, studies of this nature are rare in the tropics (Alongi, 1989 (Alongi, , 1990 . Thus, cooperative research is most welcome on topics such as reproductive strategies, larval transport and substratum selection, colonization of new and disturbed habitats, interactions between and among size groups (microfauna-meiofauna-macrofauna), and physiological tolerances toward salinity, temperature, and pollutants.
Caging experiments in different latitudes have produced with a few exceptions, a significant increase in the number of individuals and species inside caged areas. This increase is most obvious m experiments conducted in temperate latitudes (Reise, 1977~ Vargas, 1988 . The usual explanation for these results is that the cage excludes predators, allowing some of the prey species to reach high abundances. Reise (1985) points out, however, that it is often impossible to separate the effects of predation from those of disturbance. Thus, the role of disturbance in community structure might be more important than predation on a community where most of the species are sediment re-workers (Vargas, 1988) . In spite of these interpretation problems, caging experiments are simple and affordable tools to study community responses to external factors. Yet, the number of such experiments conducted in the tropics is negligible, the one conducted by the author being the only study published on a tropical intertidal mud flat (Vargas, 1988) .
The experimental manipulation of communities has produced significant advances in the study of tropical rocky intertidal benthos (Ansell & Morton, 1987; Alongi, 1989) . As was mentioned before, considerable experience concerning this topic also exists in temperate latitudes (e.g. Reise, 1985) This experience facilitates comparisons and helps to avoid pitfalls in experimental design, and data analyses (cf. Burd et aL, 1990) . Cooperative studies on this branch of field ecology are also a priority subject of the ecological evaluation programme of the Gulf of Nicoya.
The ecological information that has been gathered since 1979, the existence of a marine research centre and an active group of local scientists, and the success of past cooperative research with foreign institutions, form a solid basis for any future effort in scientific cooperation.
